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Abstract
We discuss the scenario with TeV-scale right-handed neutrinos, which are accessible at
future colliders, while holding down tiny seesaw-induced masses and sizable couplings to
the standard-model particles. The signal with tri-lepton final states and large missing
transverse energy is appropriate for studying collider signatures of the scenario with
extra spatial dimensions. We show that the LHC experiment generally has a potential
to discover the signs of extra dimensions and the origin of small neutrino masses.
1 Introduction
The recent neutrino oscillation experiments have been revealing the detailed structure of
leptonic flavors [1, 2]. The neutrino property, in particular the tiny mass scale is one
of the most important experimental clues to find the new physics beyond the standard
model (SM). The seesaw mechanism naturally leads to small neutrino masses by the inte-
gration of new heavy particles which interact with the ordinary neutrinos. The introduction
of heavy right-handed neutrinos [3] implies the intermediate mass scale of such states to
have light Majorana masses of order eV, and these heavy states are almost decoupled in
the low-energy effective theory. Alternatively, TeV-scale right-handed neutrinos could also
be possible, which in turn means tiny orders of couplings to the SM sector and their signs
cannot be observed in near future TeV-scale particle experiments such as the Large Hadron
Collider (LHC).
The SM neutrinos have tiny masses due to a slight violation of the lepton number.
This fact implies that the events with same-sign di-lepton final states [4] are too rare
to be observed. In this letter, we focus on the lepton number preserving processes, in
particular, the tri-lepton signals with large missing transverse energy, pp → ℓ±ℓ∓ℓ±ν(ν¯).
These processes would be rather effectively detected at the LHC because only small fraction
of SM processes contributes to the background against the signals.
As a simple example of observable seesaw theory, we consider a five-dimensional exten-
sion of the SM with right-handed neutrinos, where all SM fields are confined in the four-
dimensional world, while right-handed neutrinos propagate in the whole extra-dimensional
space [5]-[7]. We will discuss an explicit framework which provides the situation that TeV-
scale right-handed neutrinos generate tiny scale of seesaw-induced neutrino masses and
simultaneously have sizable interactions to the SM leptons and gauge bosons. The scenario
does not rely on any particular generation structure of mass matrices and is available for
one-generation case. For such TeV-scale particles with large couplings to the SM sector,
the LHC experiment generally has the potential to find the signals of extra dimensions and
the origin of small neutrino masses.
2 Observable Seesaw
Let us consider a five-dimensional theory where the extra space is compactified on the
S1/Z2 orbifold with the radius R. The SM fields are confined on the four-dimensional
boundary at x5 = 0. Besides the gravity, only SM gauge singlets can propagate in the
bulk not to violate the charge conservation [5, 6]. The gauge-singlet Dirac fermions Ni
(i = 1, 2, 3) are introduced in the bulk which contain the right-handed neutrinos and their
1
chiral partners. The Lagrangian up to the quadratic order of spinor fields is given by
L = iND/N − 1
2
[N c(Mv +Maγ5)N + h.c.]. (2.1)
The conjugated spinor is defined as N c = γ3γ1N t such that it is Lorentz covariant in five
dimensions. It is straightforward to write a bulk Dirac mass for Ni if introducing a Z2-odd
function which originates from some field expectation value. The bulk mass parametersMv
andMa are Z2 parity even and could depend on the extra dimensional coordinate x
5 which
comes from the delta-function dependence (resulting in localized mass terms) and/or the
background geometry such as the warp factor in AdS5. We also introduce the mass terms
between bulk and boundary fields:
Lm = −
(NmL+N cmcL)δ(x5) + h.c., (2.2)
wherem andmc denote the mass parameters after the electroweak symmetry breaking. The
boundary spinors Li (i = 1, 2, 3) contain the left-handed neutrinos νi, namely, given in the
4-component notation Li =
(
0
νi
)
. The Z2 parity implies that either component in a Dirac
fermion N vanishes at the boundary (x5 = 0) and therefore either of m and mc becomes
irrelevant.∗ In the following we assign the even Z2 parity to the upper (right-handed)
component of bulk fermions, i.e. N (−x5) = γ5N (x5), and will drop the mc term.
With a set of boundary conditions, the bulk fermions Ni are expanded by Kaluza-Klein
(KK) modes with their kinetic terms being properly normalized
N (x, x5) =
( ∑
n
χnR(x
5)NnR(x)∑
n
χnL(x
5)NnL(x)
)
. (2.3)
The wavefunctions χnR,L are generally matrix-valued in the generation space and we have
omitted the generation indices for notational simplicity. After integrating over the fifth
dimension, we obtain the neutrino mass matrix in four-dimensional effective theory. Neu-
trinos are composed of the boundary ones and the KK modes (ν, ǫN 0 ∗R , ǫN
1 ∗
R , N
1
L , · · · ) ≡
(ν,N). The zero modes of the left-handed components have been extracted according to
the boundary condition. The neutrino mass matrix for (ν,N) is given by

mt0 m
t
1 0 · · ·
m0 M
∗
R00
M∗R01 MK01 · · ·
m1 M
∗
R10
M∗R11 MK11 · · ·
0 M tK10 M
t
K11
ML11 · · ·
...
...
...
...
. . .


≡ −


M tD
MD MN

 , (2.4)
∗The exception is the generation-dependent Z2 parity assignment on bulk fermions [8]. We do not
consider such a possibility in this paper.
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where the boundary Dirac masses mn, the KK massesMK , and the Majorana massesMR,L
are
mn = χ
n
R
†(0)m, MRmn =
∫ piR
−piR
dx5 (χmR )
t(Ma +Mv)χ
n
R ,
MKmn =
∫ piR
−piR
dx5 (χmR )
†∂5χ
n
L , MLmn =
∫ piR
−piR
dx5 (χmL )
t(Ma −Mv)χnL . (2.5)
It is noticed that MKmn becomes proportional to δmn if χ
n
R,L are the eigenfunctions of the
bulk equations of motion, and MR,Lmn also becomes proportional to δmn if the bulk mass
parameters Ma, Mv are independent of the coordinate x
5.
We further implement the seesaw operation assuming O(mn) ≪ O(MK) or O(ML,R)
and find the induced Majorana mass matrix for three-generations light neutrinos
Mν = M
t
DM
−1
N MD. (2.6)
It is useful for later discussion of collider phenomenology to write down the electroweak
Lagrangian in the basis where all the mass matrices are generation diagonalized. The
interactions to the electroweak gauge bosons are given in this mass eigenstate basis (νd, Nd)
as follows:
Lg = g√
2
[
W †µe
†σµUMNS
(
νd + V Nd
)
+ h.c.
]
+
g
2 cos θW
Zµ
(
ν†d +N
†
dV
†
)
σµ
(
νd + V Nd
)
, (2.7)
where Wµ and Zµ are the electroweak gauge bosons and g is the SU(2)weak gauge coupling
constant. The 2-component spinors νd are three light neutrinos for which the seesaw-
induced mass matrix Mν is diagonalized
Mν = U
∗
ν M
d
ν U
†
ν , Uν νd = ν −M †DM−1 ∗N N, (2.8)
and Nd denote the infinite number of neutrino KK modes for which the bulk mass matrix
MN is diagonalized in the generation and KK spaces by a unitary matrix UN :
MN = U
∗
N M
d
N U
†
N , UNNd = N +M
−1
N MD ν. (2.9)
The lepton mixing matrix measured in the neutrino oscillation experiments is given by
UMNS = U
†
eUν where Ue is the left-handed rotation matrix for diagonalizing the charged-
lepton Dirac masses. It is interesting to find that the model-dependent parts of electroweak
gauge vertices are governed by a single matrix V which is defined as
V = U †νM
†
DM
−1 ∗
N UN . (2.10)
When one works in the basis where the charged-lepton sector is flavor diagonalized, Uν is
fixed by the neutrino oscillation matrix.
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The neutrinos also have the interaction to the electroweak doublet Higgs H in four
dimensions. The boundary Dirac mass (2.2) comes from the Yukawa coupling
Lh = −
(
yNLH† + h.c.)δ(x5). (2.11)
The doublet Higgs H has a non-vanishing expectation value v and its fluctuation h(x).
After integrating out the fifth dimension and diagonalizing mass matrices, we have
Lh = −1
v
∑
n
[
(N td − νtdV ∗)U tN
]
Rn
mnUν ǫ(νd + V Nd)h
∗ + h.c., (2.12)
where [· · · ]Rn means the n-th mode of the right-handed component.
The heavy neutrino interactions to the SM fields are determined by the mixing matrix
V both in the gauge and Higgs vertices. The 3×∞ matrix V is determined by the matrix
forms of neutrino masses in the original Lagrangian L+Lb. The matrix elements in V have
the experimental upper bounds from electroweak physics, as will be seen later. Another
important constraint on V comes from the low-energy neutrino experiments, namely, the
seesaw-induced masses should be of the order of eV scale, which in turn specifies the scale
of heavy neutrino masses MN . This can be seen from the definition of V by rewriting it
with the light and heavy neutrino mass eigenvalues
V = (Mdν )
1
2P (MdN )
− 1
2 , (2.13)
where P is an arbitrary 3 × ∞ matrix with PP t = 1. Therefore one naively expects
that, with a fixed order of Mdν ∼ 10−1 eV and V & 10−2 for the discovery of experimental
signatures of heavy neutrinos, their masses should be very light and satisfy MdN . keV
(this does not necessarily mean the seesaw operation is not justified as Mdν is fixed). The
previous collider studies on TeV-scale right-handed neutrinos [9] did not impose the seesaw
relation (2.13) and have to rely on some assumptions for suppressing the necessarily induced
massesMν . For example, the neutrino mass matrix has some singular generation structure,
otherwise it leads to the decoupling of seesaw neutrinos from collider physics.
A possible scenario for observable heavy neutrinos is to take a specific value of bulk
Majorana masses. Here we assume that bulk Dirac masses vanish but it is easy to include
them by attaching wavefunction factors in the following formulas. The equations of motion
without bulk Majorana masses are solved by simple oscillators and the mass matrices in
four-dimensional effective theory are found
mn =
m√
2δn0πR
, MRmn = δmn(Ma +Mv),
MKmn =
n
R
δmn , MLmn = δmn(Ma −Mv). (2.14)
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From these, we find the seesaw-induced mass matrix and the mixing with heavy modes:
Mν =
1
2πR
mt
πRX
tan(πRX)
1
(Ma +Mv)∗
m, (2.15)
ν = Uννd +
1√
2πR
m†
[
1
Ma +Mv
ǫN 0 ∗R
+
∑
n=1
√
2
X2∗− (n/R)2
[
(Ma −Mv)∗ǫN n ∗R +
n
R
N nL
] ]
, (2.16)
where X2 = (Ma+Mv)
∗(Ma−Mv). The effect of infinitely many numbers of KK neutrinos
appears as the factor tan(πRX). An interesting case is that (the eigenvalue(s) of) X takes
a specific value X ≃ α/R where α contains half integers [5]: the seesaw-induced mass
matrix Mν is suppressed by the tangent factor (not only by a large Majorana mass scale),
on the other hand, the heavy mode interaction V is un-suppressed. This fact realizes the
situation that right-handed neutrinos in the seesaw mechanism are observable at sizable
rates in future collider experiments.
3 Collider Signatures
One of the most exciting signals of higher-dimensional theory at collider experiments is the
production of KK excited states. The signals could be observed at the LHC if new physics,
which is responsible for the generation of neutrino masses, lies around the TeV scale, and
large Yukawa couplings are allowed that lead to a sizable order of mixing between the
left- and right-handed neutrinos. An immediate question is what processes we should pay
attention to find out the signals. One important possibility is the like-sign di-leptons signal,
pp→ ℓ+N → ℓ±ℓ±W∓ → ℓ±ℓ±jj, because the SM background against the signal is enough
small. Unfortunately, this process violates the lepton number which should be proportional
to tiny Majorana neutrino masses, and is therefore difficult to be observed at the LHC. In
this letter we thus focus on lepton number preserving processes. While there are various
types of such processes related to heavy neutrino productions, most of these would not
be observable due to huge SM backgrounds. As we will see in the following, an exception
suitable for the present purpose is the tri-lepton signal with large missing transverse energy;
pp→ ℓ±N → ℓ±ℓ∓W± → ℓ±ℓ∓ℓ±ν(ν¯) and pp→ ℓ±N → ℓ±ν(ν¯)Z → ℓ±ν(ν¯)ℓ±ℓ∓ (Fig. 1).
They are possibly captured at the LHC since only small fractions of SM processes contribute
to the background against the signal.
To investigate the signal quantitatively, we consider the five-dimensional seesaw theory
as a simple example for providing realistic seesaw neutrino masses and observable collider
signatures. The right-handed Majorana masses are Ma =M and Mv = 0 and diagonalized
in the generation space. In this letter it is assumed that these masses are also generation
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Figure 1: Lepton number preserving tri-lepton processes at the LHC.
independent. As mentioned before, the effective neutrino Majorana masses become tiny for
M ≃ 1/2R, and thus, the right-handed neutrino masses can beM ∼ 1/R ∼ O(TeV), while
keeping a non-negligible order of Yukawa couplings and sizable electroweak gauge vertices
for the heavy KK neutrinos. We parametrically introduce a small quantity δ as
M =
1− δ
2R
. (3.1)
Summing up the effects of heavy neutrinos,† we obtain the seesaw-induced mass Mν =
δpi2
8
mtm
M
. A vanishing value of δ makes the light neutrinos exactly massless, where the
complete cancellation occurs in the effects of heavy neutrinos which exhibit the Dirac
nature in this case. The n-th excited KK mode spectrum is Mn = (2n − 1)/(2R).
The electroweak gauge and Higgs vertices are also evaluated from the Lagrangian given
in the previous section. For example, the neutrino Yukawa matrix y in the model is ex-
pressed as
y√
2πR
=
2
πv
1√
δR
O†(Mdν )
1
2U †
MNS
, (3.2)
where O is the 3×3 orthogonal matrix, which generally comes in reconstructing high-energy
quantities from the observable ones [11]. That corresponds to the matrix P in (2.13). The
model therefore contains the parameters R, δ, Mdν , UMNS, and O. The neutrino mass
differences and the generation mixing parameters have been measured and we take their
typical experimental values [2]: ∆m221 = 8 × 10−5 eV2, ∆m232 = 2.5 × 10−3 eV2, sin θ12 =
0.56, sin θ23 = 0.71, and | sin θ13| ≤ 0.22. In this letter we consider the neutrino mass
spectrum with the normal hierarchy. The other cases of the inverted and degenerate mass
patterns can also be analyzed in similar fashion. The Majorana phases in UMNS have no
physical relevance in the present work and are set to be zero. The remaining quantities suffer
from experimental constraints in low-energy physics. In particular, the dominant constraint
†In theory with more than one extra dimensions, the sums of infinite KK modes generally diverse without
regularization [10].
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Figure 2: Total cross sections of tri-lepton signals as the functions of the compactification
scale R with a fixed value δ/R = 10 eV.
is found to come from the experimental search for lepton flavor-changing processes [12,
13]. For a real orthogonal matrix O, the limits imposed by lepton flavor conservation are
summarized as
2R
δ
UMNSMν U
†
MNS
≤

 10−2 7× 10−5 1.6 × 10−27× 10−5 10−2 10−2
1.6× 10−2 10−2 10−2

 , (3.3)
which shows that the most severe limit is given by the 1-2 component, i.e. the µ → eγ
search. We fix sin θ13 = 0.07 as a typical example, and accordingly the Dirac CP phase
in UMNS is φD = π such that the effect of lepton flavor violation is minimized. It then
turns out from (3.3) that all the constraints are satisfied for δ/R ≥ 6.6 eV. Finally, the SM
Higgs mass is to be mh = 120 GeV in evaluating the decay widths of heavy KK neutrinos
(N → h+ ν).
Now we are at the stage of investigating the tri-lepton signal of heavy neutrino pro-
ductions at the LHC. Since the tau lepton is hardly detected compared to the others,
we consider the signal event including only electrons and muons. There are four kinds
of tri-lepton signals: eee, eeµ, eµµ, and µµµ. In this work, we use two combined signals
which are composed of eee + eeµ (the 2e signal) and eµµ + µµµ (the 2µ signal). Figure 2
shows the total cross sections for these signals from the 1st KK mode productions at the
LHC. They are described as the functions of the compactification scale R with δ/R being
10 eV. It is found from the figure that the cross section for the 2µ signal is about one
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Figure 3: Expected event numbers of the 2e and 2µ signals after implementing the kine-
matical cut. The event numbers are depicted as the functions of the compactification scale
R with a fixed value δ/R = 10 eV. The integrated luminosity is taken to be 30 fb−1.
order of magnitude larger than the 2e signal.‡ We have also evaluated the cross sections of
tri-lepton signals from heavier KK neutrinos and found that they are more than one order
of magnitude smaller than the above and are out of reach of the LHC machine. A high
luminosity collider with clean environment such as the International Linear Collider (ILC)
would distinctly discover the signatures of KK mode resonances.
To clarify whether the tri-lepton signal is captured at the LHC, it is important to
estimate SM backgrounds against the signal. The SM backgrounds which produce or mimic
the tri-leptons final state have been studied [14, 15], and for the present purpose a useful
kinematical cut is discussed to reduce these SM processes [15]. According to that work, we
adopt the following kinematical cuts;
• The existence of two like-sign charged leptons ℓ±1 , ℓ±2 , and an additional one with the
opposite charge ℓ∓3 .
• Both energies of the like-sign leptons are larger than 30 GeV.
• Both invariant masses from ℓ1 and ℓ3 and from ℓ2 and ℓ3 are larger than mZ + 10
GeV or smaller than mZ − 10 GeV.
The last condition is imposed to reduce large backgrounds from the leptonic decays of
Z bosons in the SM processes. Figure 3 shows the expected numbers of signal events
‡For the inverted hierarchy spectrum of light neutrinos, the 2e signal cross section becomes larger than
the 2µ one.
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Figure 4: Luminosity for the 3σ reach on the (1/R, δ/R) plane (10, 30, and 300 fb−1
contours).
after imposing the cuts stated above. The results are depicted by assuming the integrated
luminosity 30 fb−1. In order to estimate the efficiency for signal events due to the cuts,
we have used the Monte Carlo simulation using the CalcHep code [16]. Since the event
numbers of SM backgrounds after the cut are about 260 for the 2e signal and 110 for the
2µ signal [15], the 2µ events are expected to be observed if 1/R is less than a few hundred
GeV.
The luminosity which is required to find the 2µ signal at the LHC is shown in Fig. 4
as a contour plot on the (1/R, δ/R) plane. The contour is obtained by computing the
significance for the signal discovery,
Sig ≡ S√
S +B
, (3.4)
where S and B are the numbers of the 2µ events and the corresponding SM backgrounds
after the kinematical cut. Since both S and B are proportional to the luminosity, it is
possible to estimate the luminosity, e.g. giving Sig = 3 which is plotted in Fig. 4. The
luminosity for signal confirmation (for Sig = 5) are also obtained by scaling the above
result. The luminosity of 10, 30, and 300 fb−1 are depicted in the figure. It is found that if
1/R is less than about 250 GeV, the signals will be observed at the early run of the LHC,
while a larger luminosity is needed for a smaller size of extra dimension to find its signals.
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4 Summary and Discussion
We have discussed a seesaw scenario where right-handed neutrinos are around TeV scale,
accessible in near future particle experiments. The seesaw-induced mass scale is of the
order of eV, while the right-handed neutrinos have sizable gauge and Yukawa couplings to
the SM sector. The scenario is a five-dimensional extension of the SM with right-handed
neutrinos, where the ordinary SM particles locally live in four dimensions and the right-
handed neutrinos exist in the bulk. The light neutrinos obtain tiny Majorana masses
due to the small lepton number violation, and therefore the same-sign di-lepton processes
cannot be observed. We have analyzed, as the most effective LHC signal, the lepton
number preserving processes with tri-lepton final states, pp → ℓ±ℓ±ℓ∓ν(ν¯). It is found
that the scenario gives enough excessive tri-lepton events beyond the SM backgrounds in
wide regions of parameter space, and the LHC would discover the signs of tiny neutrino
mass generation and extra dimensions.
The possible experimental detections of neutrino mass generations have been discussed
in other seesaw scenarios [4, 9, 17]. In the present analysis, only the 1st excited mode
contributes to the signals. The observation of higher KK modes is expected to be within
the reach of future collider experiments such as the ILC, which result makes the scenario
substantially confirmed. Further analysis of such collider signatures, together with includ-
ing bulk Dirac masses and curved gravitational backgrounds, are left for important future
study.
Acknowledgments
The authors thank Takahiro Nishinaka for collaboration during the early stage of this work.
This work is supported in part by the scientific grant from the ministry of education, science,
sports, and culture of Japan (Nos. 20540272, 20039006, 20244028, 18204024, 20025004, and
20740135), and also by the grant-in-aid for the global COE program ”The next generation
of physics, spun from universality and emergence” and the grant-in-aid for the scientific
research on priority area (#441) ”Progress in elementary particle physics of the 21st century
through discoveries of Higgs boson and supersymmetry” (No. 16081209).
10
References
[1] R.N. Mohapatra et al., Rept. Prog. Phys. 70 (2007) 1757; A. Strumia and F. Vissani,
hep-ph/0606054.
[2] M. Maltoni, T. Schwetz, M.A. Tortola and J.W.F. Valle, New J. Phys. 6 (2004) 122;
G.L. Fogli, E. Lisi, A. Marrone and A. Palazzo, Prog. Part. Nucl. Phys. 57 (2006) 742.
[3] P. Minkowski, Phys. Lett. B67 (1977) 421; T. Yanagida, in Proceedings of the Work-
shop on Unified Theories and Baryon Number in the Universe, eds. O. Sawada and
A. Sugamoto (KEK report 79-18, 1979); M. Gell-Mann, P. Ramond and R. Slan-
sky, in Supergravity, eds. P. van Nieuwenhuizen and D.Z. Freedman (North Holland,
Amsterdam, 1979).
[4] A. Datta, M. Guchait and A. Pilaftsis, Phys. Rev. D50 (1994) 3195; F.M.L. Almeida,
Y.D.A. Coutinho, J.A. Martins Simoes and M.A.B. do Vale, Phys. Rev. D62 (2000)
075004; O. Panella, M. Cannoni, C. Carimalo and Y.N. Srivastava, Phys. Rev. D65
(2002) 035005; T. Han and B. Zhang, Phys. Rev. Lett. 97 (2006) 171804; F. del Aguila,
J.A. Aguilar-Saavedra and R. Pittau, JHEP 0710 (2007) 047.
[5] K.R. Dienes, E. Dudas and T. Gherghetta, Nucl. Phys. B557 (1999) 25.
[6] N. Arkani-Hamed, S. Dimopoulos, G. R. Dvali and J. March-Russell, Phys. Rev. D65
(2002) 024032.
[7] G.R. Dvali and A.Y. Smirnov, Nucl. Phys. B563 (1999) 63; R. Barbieri, P. Creminelli
and A. Strumia, Nucl. Phys. B585 (2000) 28; A. Lukas, P. Ramond, A. Romanino
and G.G. Ross, JHEP 0104 (2001) 010.
[8] N. Haba, A. Watanabe and K. Yoshioka, Phys. Rev. Lett. 97 (2006) 041601.
[9] For the so-called type I seesaw scheme as in the present work, W. Buchmuller and
C. Greub, Nucl. Phys. B363 (1991) 345; A. Pilaftsis, Z. Phys. C55 (1992) 275; G. In-
gelman and J. Rathsman, Z. Phys. C60 (1993) 243; L.N. Chang, D. Ng and J.N. Ng,
Phys. Rev. D50 (1994) 4589; D. Atwood, S. Bar-Shalom and A. Soni, Phys. Rev. D76
(2007) 033004; J. Kersten and A. Y. Smirnov, Phys. Rev. D76 (2007) 073005.
[10] M. Bando, T. Kugo, T. Noguchi and K. Yoshioka, Phys. Rev. Lett. 83 (1999) 3601;
Nucl. Phys. B594 (2001) 301.
[11] J.A. Casas and A. Ibarra, Nucl. Phys. B618 (2001) 171.
[12] F. Borzumati and A. Masiero, Phys. Rev. Lett. 57 (1986) 961; J. Hisano, T. Moroi,
K. Tobe and M. Yamaguchi, Phys. Rev. D53 (1996) 2442; J.R. Ellis, M.E. Gomez,
G.K. Leontaris, S. Lola and D.V. Nanopoulos, Eur. Phys. J. C14 (2000) 319.
11
[13] A. Abada, C. Biggio, F. Bonnet, M.B. Gavela and T. Hambye, JHEP 0712 (2007)
061.
[14] R. Barbieri, F. Caravaglios, M. Frigeni and M.L. Mangano, Nucl. Phys. B367 (1991)
28; Z. Sullivan and E.L. Berger, Phys. Rev. D78 (2008) 034030; K.T. Matchev and
D.M. Pierce, Phys. Lett. B467 (1999) 225.
[15] F. del Aguila and J.A. Aguilar-Saavedra, arXiv:0808.2468; arXiv:0809.2096.
[16] A. Pukhov et al., hep-ph/9908288; A. Pukhov, hep-ph/0412191.
[17] For examples, W. Porod, M. Hirsch, J. Romao and J.W.F. Valle, Phys. Rev. D63
(2001) 115004; B. Bajc, M. Nemevsek and G. Senjanovic, Phys. Rev. D76 (2007)
055011; W. Chao, S. Luo, Z.z. Xing and S. Zhou, Phys. Rev. D77 (2008) 016001;
J. McDonald, N. Sahu and U. Sarkar, JCAP 0804 (2008) 037; P. Fileviez Perez,
T. Han, G.y. Huang, T. Li and K. Wang, Phys. Rev. D78 (2008) 015018.
12
